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0 Calibration solution and calibration method for sensor. 

0 A calibration solution, which is used when measuring the ion concentratton of solution under examination 

such as blood or other body fluids using a pH sensor or like ion sensor with a solid electrode, is prepared by 

adding NaCI to a standard buffer solution and thus setting the ionic strength of the solution to be substantially 

identical with the ionic strength of solution under examination. A sensor calibration method is also disclosed, in 

which at least two reference calibration solutions having different pH values are prepared, the electromotive force 

of the sensor in these calibration solutions is measured by Immsering the sensor In tiie solutions, and a 

2J! calibration fonnula Is produced from the electi-omotive force for the pH values of ttie reference calibration 

^solutions. A predetemiined amount of bicarbonate buffer solution is added to the calibration solution to maintain 

Ma substantially constant ionic strengtii of the solution, tfius permitting simultaneous calibration of an ion sensor 

Wand a gas sensor. 
O 

CO 



HI 



Xam Gopy Cmtre y 

[XXID: <EP_03e20a2A2J_> • V 



EP 0 362 032 A2 



Calibration Solution and Calibration IMeth d for Sensor 



Background of the Inventfon 

This invention relates to a calibration solution and a calibration method used when measuring ion 
concentration in medical fields, clinical fields and biochemical fields dealing with blood and other body 
s fluids and Ion concentration in variable partial gas pressure systems using an ion sensor or gas sensor 
having solid electrodes. 

When measuring the pH and partial gas concentration as of blood and other body fluids as solution 
under examination, use is usually made of a standard buffering solution prescribed in the JIS (Japanese 
Industrial Standard) standards- and NBS standards (National Bureau Sfeuidard). e.g., phthalic acid salt, 
10 phosphate, etc.. and measurment was done by using glass electrodes. In this case, electrode of the same 
kind and same structure as inner electrode of the glass electrode is used as reference electrode. 

It is found that ion selective electrodes as welt minute solid microelectrodes and the like can be 
extensively utilized for medical sensors, and there are indications of practical use of pH sensors and other 
ion sensors in the field of clinical chemistry and artificial organ control monitors. When it is intended to 
IS apply sensors in medical field, high accuracy measurement and temperature compensation requirement 
levels are higher than in the case of the general analysis, and It is difficult to meet these levels. 

pH sensors and other Ion sensors measure the electrode potential difference corresponding to ion 
activity. The ion activity is the product of the ion concentration and activity coefficient Usually, a glass 
membrane electrode is used as pH electrode, but can not meet the definition of pH given as 
20 pH = -logsH* (1) 

Tills is so because it is impossible to obtain this value strictly due to presence of liquid junction 
potential in contrast electrode solution section and ion activity coefficient which is incapable of measure- 
ment. For this reason, a pH value which can be mathematically calculated from pH values of the inner 
solution and outer measurennent solution, is defined and used, which is given as 
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P'^x - P«s «-5LJLfs_ (2) 

^ ^ (2.303RT/F) 



where R is the gas constant, T is the absolute temperature. F is the Farady constant. Ek and Eg are battery 
elecromotive forces in solutions X and S. The battery is composed of Pf H2 solution X or S/saturated KCI 
solution, saturated calomel electrode. 

Here, solution with pHs is a standard solution. As the standard solution, a 0.05M potassium hydrogen 
phthalate solution is used, and the pH there is defined to be 3.998 (0*C. 4.000) at 15* C. This standard 
confonms to NBS and is adopted In Japan. 

With a membrane electrode other than glass membrane, the measurement of electrode potential 
difference on the membrane surface is Influenced by coexistent matter In the solution under examination 
such as other Ions than the subject of measurement, protein, amino acid. This is so because the electrode 
^ potential difference is measured to calculate pH on the basis of the definition of equation (1). 

In the measurement where the solution under examination Is blood or like body fluids, a high accuracy 
of measurement is required despite slight ion concentration changes. Therefore, with calibration of sensor 
on the basis of the usual method of measurement as noted above, the measurement errors are too large to 
expect a high accuracy sensor, particularly in the medical field. 
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Summary of the Invention 



An object of the Invention, accordingly, is to provide a calibration solution and a callbrati n m thod. 
which permit high accuracy measurement using sensors in medical and other fields. 

To attain th above object of the inv ntion. the invention Is predicated in the fact that the activity 
coefficient noted above is determined by the charge of tons and total Ionic strength in the solution. 

The ionic str ngth I and activity coeffici nt are related to ach other as a Oebye-Huckel threshold 
quation ^ 
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Where A and 8 are constants determined by the dielectric constant and temperture of the solvent. Z| an ion 
valency. I ionic strength and ai effective radius of hydration ion. 

The activity coefficient of certain ion depends on the total Ionic strength of that solution. Therefore, the 
Ionic strength, i.e., activity coefficient, varies with changes In the concentrations of coexistent ions other 
than the measurement Ion even If the measurement Ion concentration is constant. According to the 
Invention, the ionic strength is set to be substantially Identical with the Ionic strength of solution under 
measurement. 

According to the invention, there is basically provided a calibration solution for sensor consist of a solid 
electrode for measuring ion concentration of a solution under examination, in which NaCI is added to a 
standard buffer solution to provide an ionic strength substantially identical with the ionic strength of the 
solution under examination. 

The calibration solution of the above constitution permits measurement with less en^or. Particularly, the 
invention can be more suitably utilized in medical and like fields, in which the solution under examination is 
blood or like body fluids subject to less ion concentration changes. 

According to the Invention, there is also provided a calibration method for calibrating a sensor, in which 
at least two reference calibration solutions having different pH values are prepared, the electromotive forces 
of the sensor in these reference calibration solutions are measured by immersing the sensor in these 
solutions, and a calibration formula (calibration curve) from the electromotive forces with respect to the pH 
values of the reference calibration solutions. 

By adopting the calibration solution noted above it is possible to obtain high accuracy measurement 
using a pH sensor or like sensor. 

According to the invention, there is furtiier provided a calibration solution for calibrating a sensor in case 
of measuring partial gas pressure as well as Ion concentration of a solution under examination containing 
carixjn dioxide gas and/or oxygen gas. in which a predetermined quantity of bicartsonate buffer solution is 
added to tfie standard buffer solution to maintain a substantially constant ion concentration as well as 
adding NaCI to set an ionic strength substantially Identical witii tfie ionic strengtti of tiie solution under 
examination. 

This calibration solution can be utilized for calibrating a carbon dioxide gas sensor as well as a pH 
sensor or like ion sensor, tiiat is. it is possible to obtain a simultaneous calibration solution permitting high 
accuracy simultaneous measurement 

According to the invention, tfiere is furtiier provided a calibration method for calibrating an Ion sensor 
and a gas sensor, in which at least two reference calibration solutions having different pH values and partial 
gas pressure values are prepared, the electromotive forces of tiiese sensors in these reference calibration 
solutions are measured by immersing the sensors in the solutions, and calibration formulas are formed by 
plotting the electromotive forces of the sensors for the pH values and partial gas pressure values for gas 
sensor. 

By adopting this calibration method, measurement of ion concentration witfi a pH sensor or tike Ion 
sensor and measurement of partial gas pressure of carbonate or like gas witii a gas sensor can be done 
simultaneously and with better accuracy using pertinent calibration formulas. 



Brief Description of the Drawings 

Rg. 1 is a graph showing the relation between the sensor electromotive force and pH value produced 
according to the ionic strengths of different examples in a first embodiment of the invention; 

Figs. 2 and 3 are graphs for determining NaHCOa concentrations at different pH valuew suited for 
simultaneous calibration of ion sensor and gas sensor in a second embodiment of ttie invention; and 

Figs. 4{a) and (b) to 6(a) and (b) are views of the neighbortiood of membran surface for explaining 
ttie status of charges induced on elect-ode membrane surface by ions and/or protein in a third embodiment 
of tiie invention togetiier witti showing of graphs. 

Detailed Description of the Preferred Embodiments 
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According to the invention, a first standard buffer solution is prepared by using a mixture solution 
composed of Na2HP04 (27.2 mEq/l)/NaH2P04 (6.8 mEq/l) and Na2HP04 (22.5 mEq/iyNaHaPO* (22.5 
mEq/1) of phosphate buff r solution system with resp ctive pH values of 7.4 and 6.8. By adding NaCI to the 
standard buffer solution, the ionic str ngth is changed. That is, even if the Na* ion concentration in th 
5 phosphate buffer solution is constant, the ionic strength Is changed with the dissociation of the coexistent 
NaCl solution as given by an equation 

[HP0-2-J 

PH « PVlog ^ ^ (2n.l){0,5091^_^ . o.ll)} (4) 

where : I (ionic strength) ^iZZi^^O 

pKa: dissociation conetant of phosphate 

Zi: Ion valency 

Ci: Ion mol concentration 

n: an index, which is given for buffer solution as 

H„A»- 5* H„.,Af»">- + h"" 

n « 1 when 

H2PO4- ^ HPO42- + H* 

At least two standard buffer solutions having an ionic strength substantially identical with that of solution 
under examination and having different pH values are prepared on the basis of equation (4), and a 
calibration fomnula is fonmed by plotting the electromotVe forces of a pH sensor or the like in these 
standard buffer solutions by immersing the sensor in the solutions. 

Thus, calibration solution and calibration method are obtained for pH sensors and like Ion sensors. 
Where the whole human blood is dealt with as solution under examination, the ionic strength is 0.08 to 
0.18 although It varies with individuals. In this case, therefore, a calibration solution may be prepared which 
has an identical Ionic strength. 

Secondly, the preparation of calibration solution and method of calibration, which can meet an aim of 
simultaneously calibrating an ion sensor and a gas sensor for measuring ion concentration and partial gas 
pressure, respectively, will now be described. 

When CO2 gas. for example, is dissolved in solution, for instance, the [H^^], i.e., pH. is changed such 

that 

CO2 + H2O 5S HaCOa ss HCO3- + H* 

By using bicarbonate buffer solution like phosphate buffer solution, the pH of the solution can be held 
constant in tiie presence of CO2. 

In the bicarbonate buffer solution tiie carbonate dissociation constant K is given as 
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(HCO3-J (»*J 
(CO J 



From the Henry's raw, 



where: a : dissolution coefficient 

Pco2: partial pressur of CO2 

By taking ttie logarithm of both sides, 
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pH « pK + log — (5) 

It will be seen that for the preparation of a calibration solution with a constant pH it is necessary to 
maintain a constant concentration of [HCOa"! anci a constant partial pressure Pcoa- 

The concentration of [HCO3"] may be obtained from the intersection between equations (4) and (5) by 
varying it with the standard buffer solution system of pH values of 7.4 and 6.8 while holding constant the 
[HPO*2-]/[H2P04T in equation (4) and Pcoz in equation (5). 

The invention is further predicated In charges induced on the membrane surface of a solid membrane 
electrode by charges on ions and protein dissolved in solution under examination. 

More specifically, it is found that charges on ions and/or protein in the solution under examination have 
influence on the surface of the solid membrane. It Is experlmentarily confinned that this phenomenon is due 
to the fact that NaCl electrolyte is predominant The invention seeks to provide a calibration solution for a 
sensor, with which a system obtained by adding NaCI to a standard buffer solution and a system of ions 
and/or protein dissolved in the solution under examination are made identical In the status of charges to that 
of charges induced on solid membrane surface. 

Now, a first embodiment of the invention, concerning calibration of a sole pH sensor, a second 
embodiment concerning simultaneous calibration of a pH sensor and a gas sensor, and a third embodiment 
concerning calibration for making the ionic strength Identical with the status of charges ori Ions and/or 
protein dissolved in the solution under examination will now be described with standard to the accompany- 
ing drawings. 

Rrst Eml50dlment 

As shown in Tables 1-A and 1-B. calibration solution compositions with different ionic strengths of 0.05, 
0.10. 0.16 and 1.0 were calculated according to equation (4) as Examples 1 to 8 in two groups, one with pH 
in the neighborhood of 7.4 (Table 1-A) and the other with pH in the neighborhood of 6.8 (Table 1-B). 

The ratio NaaHPO^/NaHaPOi in the standard buffer solution was set to 4/1 in Examples 1 to 4 and to 
1/1 In Examples 5 to 8. 

By plotting the relation between the electromotive force and pH value from the above tables, a 
35 calibration curve con'esponding to each ionic strength as shown in Rg. 1 can be obtained. 

Table 1-A (around pH » 7.4) 

40 Na-HPO. 

— £ i- NaCl I pH E 

NaHjPO^ 

(mEq/l) (mEq/1) (mV) 
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1 


27.2 
TTS 


S.8 


O.OS 


0.812 


7.473 


141. OS 


so 


2 


27.2 
6.8 


11.6 


0.10 


• 0.766 


7.417 


149.18 




3 


27.2 
6.8 


71.6 


0.16 


0.736 


7.403 


151.1 


5S 


4 


27.2 
T7S 


911.6 


1.0 


0.689 


6.842 


195.59 
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Table 1-B (around pH = 6.8) 



NajHPO^ 














NaCl 


1 




PH 


E 


NaH-PO. 
2 4 








(iriEq/l) 


(mEq/l) 








(mV) 



5 
6 
7 
8 



22.5 



22 


.5 


22 


.5 


22 


-5 


22 


.5 


22 


.5 



5.0 0.55 0.812 



10 



70 



910 



0.10 0.766 



0.16 0.736 



1.0 0.689 



6.887 177.14 

6.815 185.15 

6.801 187.24 

6.239 254.88 



2S 



30 



3S 



Table 1-C 
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so 



Cadbration 
SoiuUon 


A/B 


NaQ 


1 


A/B = 4/1 


0.001 - 4 M 


0.001 - 4 M 


11 


A/B = 1/1 


0.001 - 4 M 


0.001 - 4 M 


( A: NaaHP04. B: NaHaPO* ) 



specifically, when total human blood (with an ionic strength of about 0.1 S) is dealt with as solution 
under examination, the electromotive forces of 151.1 and 187.24 mV obtained from pH sensor in calibration 
solutions I and 11 in Examples 3 and 7, respectively, are plotted, and a calibration curve with an ionic 
strength of 0.16. shown by dashed line in Rg, 1 Is used. 

Suitable ranges of components of calibration solutions I and II are as in Table 1-C as above 
Electromotive force obtained from a pH sensor with saturated sodium chloride calomel electrode 
(SSEC) as electrode potential pair In case of total human blood was 153.30 mV. and pH at this time 
measured at a temperature of 37* C using a HL-30 gas monitor manufactured by Radiometer Co.. Ltd. was 
7,367. 

The result copied on the calibration curve of Rg. 1. as shown by the black triangle mark, was identical 
with the lonrc strength of I = 0.16 on the calibration curve. 

Where total human blood Is the solution under examination, the ionic strength varies with literatures and 
fluctuates in actual measurements, and this is thought to be due to differences of individuals 

The range of fluctuation may be thought to be 0.08 to 0.18. and a caiibration curve may be formed with 
respect to ionic strength values in this range. 



55 Second Embodiment 



Calibration solutions for simultaneous calibration of ion sensor, and gas sensor were prepared as 
Examples 9 to 18 shown in Tables 2-A and 2-8 below. Calibration solution I was used for Examples 9 to 13, 
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and calibration solution II for Examples 14 to 18. NaHCOs was added to these calibration solutions, and the 
calibration solution compositions were calculated on the basis of equation (5). 

Mixture gas of CO2 and O2 was dissolved in a ratio of Pco2 = 36.1 mmHg and P02 * 35.2 mmHg in 
the solutions of Examples 9 to 13 and in a ratio of P002 = 79.0 mmHg and P02 142.6 mmHg in the case of 
6 Examples 14 to 18. 

The amount of NaHCOa in calibration solution suited for simultaneous calibration of ion sensor and gas 
sensor is determined as follows. 

As shown In Rgs. 2 and 3, by considering equations (4) and (5) the concentration of HCOa"" in solution 
was determined from the intersection between cun^es of equations (4) and (5) by varying [HCO3"] alone in 
70 the neighborhood of pH = 7.4 (Rg. 2) and in the neighborhood of pH = 6.8 (Fig. 3) while holding constant 
[HPO»2-]/[H2PO*-] In equation (4) and Pcq2 in equation (5). 
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Table 2-A ( around pH 


« /.4, 


NaHC03 


added) 








Na^HPO^ 


NaCl 


KCO3' 


pH 


E 


I 








NaHjPO^ 




so 




(mEq/l) 


(mEq/l) 


(mEq/l) 




(mV) 








9 


27.2 


71.6 


0 


7.051 


172.3 


0.16 


0.736 


2S 


10 


27.2 
TTS 


* 70.6 


1 


7.072 


171.0 


0.16 


0.736 




11 


27.2 
6.8 


51.6 


20 


7.385 


152.2 


0.16 


0.736 




12 


27.2 


49.2 


22.4 


7.414 


150.5 


0.16 


0.736 


30 


13 


27.2 
6.8 


21.6 


50 


7.621 


138.1 


0.16 


0.736 


35 
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Table 2-B (around pH 


- 6.8, NaHCO^ 


added ) 






40 




Na^HPO^ 

NaHjPO^ 
(mEq/l) 


NaiCl 
(BiEq/l) 


HCO3" 
(mEq/l) 


pH 


E 
(mV) 


I 




46 


14 


22.5 


70 


0 


6.598 


199.4 


0.16 


0.736 




15 


22.5 
JT7S 


69 


1 


6.627 


197.7 


0.16 


0.736 


50 


16 


22.5 
22.5 


58.2 


11.8 


6.860 


183.7 


0.16 


0.736 




17 


22.5 
223 


50 


20 


6.935 


179.2 


0.16 


0.736 


55 


18 


22.5 

n3 


20 


50 


7.208 


168.8 


0.16 


0.736 
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Table 2-C 



Calibration 
Solution 


A/B 


NaCI 


NaHCOs 


Pc02 


P02 


III 


A/B=4/1 


0.001 
-4 M 


0.001 

-0.1 
M 


0-80 
mmHg 


0- 

100 
mmHg 


0.005- 4 M 




A/B « 1/1 


0.001 
-4M 


0.001 

-0.1 
M 


40- 

120 
mmHg 


50- 

760 
mmHg 


0.005- 4 M 


( A: NaaHPO^. B: NaHaPO* ) 



Black circle marks on the curves represent actual measurement values. 

Examples 12 was detemriined to be appropriate as caJibration solution III. and Example 16 as calibration 
solution fV. 

Calibration curves for pH sensor, carbon dioxide gas sensor and oxygen gas sensor can be formed by 
measuring the electromotive forces of the pH sensor and carbon dioxide gas sensor and cun-ent in the 
oxygen gas sensor In both the calibration solutions ill and IV, plotting the efectromotive forces of the pH 
sensor and carbon dioxide gas sensor for the pH values and Pcoa values of the solutions III and IV and 
plotting the current in the oxygen gas sensor for the P02 values. 

Suitable ranges of components of calibration solutions III and IV are as in Table 2-C as above. 

By obtaining calibration solution in the above way. producing calibration curves by considering a 
measurement temperature range of 37'C to 30 'C. and memorizing electrode characteristics of sensor at 
this time, it is possible to provide calibration solution and calibration system suitable for continuous 
monitoring in btomedical engineering. 



Th\r6 Embodiment 

Rgs. 4 to 6 illustrate the status of charges induced on solid membrane electrode surface by Ions and/or 
protein dissolved In solution under examination. 

Rg. 4 sho¥»fs the behavior of sodium ions in the solution under examination containing NaCI with 
respect to the film surface of an hydrogen ion carrier membrane of a solid membrane electrode immersed 
in the solution under examination. As shown in (a), sodium ions near the membrane surface are captured on 
the membrane surface to induce positive charges, while inducing negative charges on the carrier membrane 
of electrode on the side of conductive base. 

The membrane surface potential E and sodium ion concentration are related as shown in (b). and the 
calibration solution used here is prepared in comformity to the status of charges induced on the membrane 
surface. 

Rg. 5 shows behavior in case where magnesium and calcium ions are dissolved in the solution under 
examination. As shown in (a), these ions induce negative charges on the hydrogen cam'er membrane 
surface, and the calcium Ion concentration, for instance, and membrane surface potential E are related 
substantially linearly as shown in (b). The same applies in the case of magnesium tons. 

-The calibration solution in this case, therefore, is prepared such as to conform to the status of charges 
induced in the membrane surface from the consideration of the relation shown in the graph. 

Rg. 6 concerns a case, in which the solution under examination is a protein solution containing 
dissolved bovine serum albumin (BSA) as protein. 

It will be seen that a calibration solution concerning a protein solution as above as the solution under 
consideration is prepared such as to conform to the status of charges from the consideration of the relation 
shown in (b). 

Examples of electrode subject to the influence of adsorised protein are ISFET electrodes, platinum 
electrodes, SnOa electrodes and galssy cariDon electrodes. With ISFET electrodes, in which glass electrode 
and sensor membrane are covered with glass, variation of protein concentration caused no potential 
changes. 
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Claims 

1 A calibration solution for a sensor with a solid electrode for measuring ion concentration of a solution 
under examination, comprising a standard buffer solution. NaCI being added to said buffer solution to 
s provide an ionic strength substantially identical with the Ionic strength of said solution under examination. 

2. The calibration solution for a sensor according to claim 1. wherein said sensor is an ion sensor. 

3! The calibration solution for a sensor according to claim 2, wherein said sensor is a pH sensor. 

A. The calibration solution for a sensor according to claim 1. wherein said standard buffer solution Is 
mainly composed of a phosphate buffer. ^ 
10 5. The calibration solution for a sensor according to claim 4, wherein said standard buffer solution Is a 
mixture solution composed of Na2HP04 and NaH2P04. ^ k. l4 o/^ 

6. The calibration solution for a sensor according to claim 5, wherein the ratio off Na2HP04 to NaH2P04 

*^ ^ 7\ The calibration solution for a sensor according to claim 5, wherein the ratio of NaaHPO^ to NaHaPO* 

75 ^^'^g^l^^ calibration solution for a sensor according to claim 1, wherein the ionic strength of said 
calibration solution Is in a range of 0.08 to 0.18. 

9. A calibration method for calibrating an Ion sensor comprising the steps of: 

setting an ionic strength substantially identical with the ionic strength of solution under examination by 
20 adding NaCI to a standard buffer solution while preparing at least two reference cafibration solutions having 

different pH values; . 

measuring the electromotive force In each of said reference calibration solutions by Immersing said sensor 

in each said solution: and . . , ; 

producing a calibration fonnula from the electromotive forces with respect to the pH values of said 

25 reference calibration solutions. 

10. A calibration solution for a sensor for simultaneously calibrating an ion sensor and a gas sensor, 
these sensors being provided with solid electrodes with respect to the ion concentration and dissolved gas 
concentration In solution under examination; . ^. . i*u 
NaCI being added to said standard buffer solution to provide an ionic strength substantially identical with 

30 the ionic strength of solution under examination, a predetermined quantity of bicartDonate buffer solution 
beir^ added to maintain the Ion concentration substantially constant. 

11. The calibration solution for a sensor according to claim 10, wherein said bicarbonate buffer solution 

is NaHCOa. . . x 

12. The calibration solution according to claim 11, which contains predetermined quantities of carbon 

05 and oxygen gases. 

13. The calibration solution according to claim 12. wherein said sensor is a carbon dioxide gas sensor. 

14. The calibration solution for a sensor according to claim 12, wherein said sensor is an oxygen gas 

sensor. •u 

15. A calibration method for simultaneously calibrating an ion sensor and a gas sensor comprising tne 

40 Steps of: ^ . . . 

preparing at least two standard buffer solutions having different pH values and partial gas pressure values 
by adding NaCI for setting an ionic strength substantially identical with the ionic strength of solution under 
examination and also adding a bicarbonate buffer solution for stabilizing the pH value; 
measuring the electromotive forces of said Ion and gas sensors In said reference calibration solutions by 

45 immersing said sensors in said solutions; and 

forming calibration formulas by plotting the elecromotive forces of said ion gas sensors for the pH values 
and partial gas pressure values of said standard buffer Iquids. respectively. 

16. The calibration method according to claim 15. wherein said ion and gas sensors are respectively a 
pH sensor and a carbon dioxide gas sensor. 

so 17. A calibration method for simultaneously calibrating a pH sensor, a carbon dioxide gas sensor and an 
oxigen gas sensor comprising the steps of. 

preparing at least two standard buffer solutions having different pH values, partial carbon dioxide gas 
pressure values and partial oxygen pressure values by adding NaCI for setting an ionic strength substan- 
tially Identical with the ionic strength of solution under examination and also adding a bicarbonate buffer 
55 solution for stabilizing the pH value; * . ^ 

measuring the electromotive forces of said pH and cartwn dioxide gas sensors and also the current in said 
oxygen sensor in said reference callbratlori solutions by Immsering said sensors In said solutions: and 
forming calibration formulas by plotting the electromotive forces of said pH and carbon gas sensors for the 

9 
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pH values and partial carbon dioxide gas pressure values of said reference calibration solutions and also 
forming a calibration formula by plotting the current value of said oxygen sensor for \he partial oxygen 
pressure value. 

18. The calibration method according to claim 15, wherein said bicarbonate buffer solution is NaHCOa. 

1 9. A calibration solution for sensor with a solid electrode for measuring ion concentration of a solution 
under examination, comprising a standard buffer solution, NaCI being added to said buffer solution to let 
said solid membrane surface be held at an equilibrium potential. 
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FIG. 3 
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FIG. 4(a) 
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FIG. 4(b) 
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FIG. 6(a) 



FIG. 6 
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